Tantalum pentoxide ( 5 2 O Ta ) planar waveguides have recently been shown to possess unusually large nonlinearities, and nonlinear Kerr coefficient ( 2 n ), leading to potential applications in nonlinear integrated optics, such as supercontinuum generation. In this paper, we report the experimental demonstration of a third-order susceptibility ( ) 3 ( χ ) governed nonlinear optical parametric process within a 7 mm long planar tantalum pentoxide waveguide using a pump-probe configuration. When pumped at 800 nm, and seeded in the near infra-red (IR) the waveguides allow parametric conversion giving rise to signal photons in the visible spectrum. By seeding the parametric conversion process in the 1200 to 1600 nm IR telecoms range, we obtain continuously tunable output over the visible range (533 to 600 nm) from a single guide.
INTRODUCTION
Optical parametric oscillators provide a versatile coherent source capable of producing signals in the infra-red (IR), visible, and ultraviolet spectral regions with either continuous-wave or pulse durations of nanoseconds, picoseconds, or femtoseconds [1] . Recently we have investigated SiO waveguides [2] . In the current paper we extend this work to report the experimental demonstration of broadly tuneable optical parametric processes over a seeding wavelength of 1200 nm -1600 nm, within a 7 mm long planar tantalum pentoxide ( 5 2 O Ta ) buried rib waveguide using a pump-probe experiment. By applying an additional 800nm (1.55eV) pump beam, parametric oscillation leads to the generation of visible signal photons according to the following formula:
Previously OPO effects have been demonstrated in silicon dioxide ( 2 SiO ) based photonic crystal fibres [3, 4] , and planar waveguides with 3 LiNbO [5] , silicon ( Si ) [6, 7] , and chalcogenide ( 3 2 S As ) [8] [9] [10] [11] [12] [13] core materials, producing signals in the telecommunication wavelength range, with less than 100 nm tuning range. These devices are both seeded and pumped close to the telecommunication windows limiting the spectral range of operation. The damage threshold for the material systems used in these devices is low compared to densities. To our knowledge the work reported in this paper provides the first demonstration of parametric conversion to visible wavelengths in waveguide devices with very broad tuning range from a single device. Figure 2 shows the experimental pump-probe setup for investigation of optical parametric effects in planar waveguides. The pump source consists of a mode-locked 150 fs pulsed laser with average power up to 13.5 mW at 800 nm. The seed pulse wavelength range covers 1200 nm -1600 nm with average power reduced to a maximum of 2 mW for each selected test wavelength. The power and polarization of both pump and seed pulses, coupled into waveguide sample, are controlled independently by wave-plate and polarizer sets. The difference between pump and seed pulse polarizations is fixed at 45 degrees. Two beams are then combined into a co-linear beam by a reflective bandpass filter before being focused into our waveguide sample by an aspheric lens. The pump and seed pulses are synchronized in the time domain using an optical delay line. Pulse synchronization was verified by passing both beams through a nonlinear optical Kerr Gate and observing the transmitted beam using a monochromator with IR detector. The residual IR seed and visible signal output coupled out from waveguide end facet are projected to separate IR and visible cameras, respectively, to optimize the waveguide mode coupling, and verify coupled mode number. The waveguide output spectra consist of a residual pump, seed, and signal beams. These are filtered by respective bandpass filters before being imaged onto IR and visible array detectors at the exit ports of the monochromator. 
Experiment Setup

Experiment Results
Figure 3a shows a pump power dependence of the output spectra from the pump-probe experiment when seeded at 1400 nm with fixed power of 2 mW. The parametric signal output shows a peak at around 560 nm as expected for the parametric conversions, where
. The power dependence relationship shown in the inset of figure 3a indicates that the signal output follows quadratic relation to the pump power. Figure 3b shows the wavelength relationship between normalized input seeds and signal outputs. The relationship follows the expected parametric conversion governed by the third-order susceptibility ( 
CONCLUSIONS
In conclusion, we have demonstrated optical parametric conversion to visible wavelengths in a 7 mm long, 500 nm high, SiO cladding material using a pump-probe configuration. The parametric effect works for IR seeding from 1200 -1600 nm which produces visible output signal in the range of around 533 -600 nm. The results show that 5 2 O Ta planar waveguides have great potential of making nonlinear optical devices in an integrated planar light circuit format. Further experiments on parametric effects in waveguide samples will be carried out in order to improve the performance of these waveguides and determine precise design criteria for fabricating an on-chip optical parametric oscillator (OPO-on-chip).
